Abbreviations {#cenucl50}
=============

ALC

:   absolute lymphocyte count

ASC

:   antibody secreting cell

PBMC

:   peripheral blood mononuclear cell

RSV

:   respiratory syncytial virus

RT-PCR

:   reverse transcription polymerase chain reaction

Systemic glucocorticosteroids (steroids) are commonly prescribed in dyspneic patients with wheezing. Studies support the use of steroids for the treatment of exacerbations of COPD and acute asthma, as both conditions are increasingly recognized as inflammatory syndromes.[@bib1], [@bib2] Short courses of systemic steroids have been shown to improve spirometric and clinical outcomes in patients with COPD exacerbations, although patients with documented viral infections have not been studied.[@bib3], [@bib4] Precipitants of exacerbations of COPD and asthma include infection, environmental irritants, and allergens. Although corticosteroids reduce inflammation, long-term use has clear detrimental effects on adaptive immunity, glucose control, bone metabolism, and other organ systems.[@bib5], [@bib6], [@bib7], [@bib8]

Respiratory syncytial virus (RSV) is a common winter virus that infects persons of all ages and is associated with wheezing, especially in young children.[@bib9] In children with RSV-related bronchiolitis and wheezing, systemic corticosteroids have been studied and found to provide no significant clinical benefit.[@bib10], [@bib11], [@bib12] In adults, the virus has been implicated as a cause of COPD and asthma exacerbations, yet is rarely specifically diagnosed in clinical practice.[@bib13], [@bib14], [@bib15] Because wheezing is associated with the infection, systemic corticosteroids are commonly prescribed.[@bib16] However, the effects of short-term high-dose steroid treatment on viral load and adaptive immunity to a specific virus during acute infection have never been examined. Therefore, we took advantage of an ongoing study of the pathogenesis of RSV disease in adults to address these issues.

Materials and Methods {#cesec10}
---------------------

### Study Design {#cesec20}

The study was conducted during three consecutive winters between 2005 and 2008 at Rochester General Hospital in Rochester, New York. Hospitalized patients with diagnoses of upper respiratory infection, bronchitis, pneumonia, COPD, asthma, viral illness, or respiratory failure were evaluated within 48 h of admission. All participants or guardians provided informed consent. The University of Rochester Research Subjects Review Board and the Rochester General Hospital Clinical Investigation Committee approved the study.

### Sample Collection {#cesec30}

Nasal samples were obtained from all participants by rubbing the nasal turbinates for 5 s with a cotton swab. Reverse transcription polymerase chain reaction (RT-PCR) on nasal samples was performed within 24 h of collection. Study subjects who tested positive for RSV were visited daily. Expectorated sputum and endotracheal aspirated secretions were obtained if possible; however, sputum was not induced. Respiratory samples were collected daily for the first 7 days of illness and every other day thereafter until testing negative by RT-PCR on two consecutive samples. Nasal samples were also collected at days 8 to 14 and at 1 month. Whole blood and serum were collected at the time RSV was first identified, at days 8 to 14, and at 1 month after symptom onset. Peripheral blood mononuclear cells (PBMCs) were isolated from whole blood.

### Illness Evaluations {#cesec40}

Evaluations consisted of a medical history, chart review, and physical examination. Steroid use prior to admission and the timing and dose of steroid administration during hospitalization were recorded. Subjects underwent daily clinical assessments while hospitalized and were reevaluated at 1 month.

### Laboratory Methods {#cesec50}

#### Reverse Transcription-Polymerase Chain Reaction {#cesec60}

RNA was extracted into 12 μL of water from 250 μL of respiratory specimens. Sputum was diluted with an equal volume of distilled water and vortexed before extraction. RSV RNA was detected using real-time multiplex RT-PCR to identify RSV A or B infections.[@bib17] A quantitative RT-PCR for RSV A was performed using a published assay and modified for group B RSV using a different reverse primer (5′ TCCTCTATCAGTCCTTGTT).[@bib18] A standard curve was run for each assay using 10-fold dilutions of stock RSV A2 and B1 (10^6^ plaque-forming units/mL) and cyclic threshold values for samples converted to PFU per mL equivalents.

#### Serum IgG and Nasal IgA Enzyme Immunoassay and Serum Neutralization Assay {#cesec70}

The titer of serum IgG and nasal IgA to purified RSV F and G glycoproteins was determined using established methods.[@bib19] Nasal titers were standardized to a total protein of 100 μg/mL of nasal secretion. Neutralization titers were determined by a microneutralization assay as previously published.[@bib19]

### Cytokine Assays {#cesec80}

#### Serum {#cesec90}

Levels of IL-6 were measured using a commercially available enzyme immunoassay (Biosource; Camarillo, California). The range of detection for IL-6 is 0.16 to 10 pg/mL.

#### Nasal Samples {#cesec100}

IL-6, IL-8, and MIP-1α levels were measured using commercial enzyme immunoassay kits (Biosource). Cytokine results were corrected to 100 μg/mL of total protein.

#### Polychromatic Flow Cytometry {#cesec110}

Fresh PBMCs from whole blood were stained using the following antibody panel to identify T-cell subsets: FITC-CD45RO, PE-CD28, Pacific Blue-CD3, APC-CD16 (BioLegend; San Diego, California); PE-Texas Red-CD8, PE-Cy5.5-CD4 (Invitrogen; Carlsbad, California); PE-Cy7-CD56, Alexa Fluor700-CD14, APC-Cy7-CD19 (BD Biosciences; San Jose, California); and B cell subsets: FITC-IgD, PE-IgG, PE-Cy5-IgM, PE-Cy7-B220, Alexa Fluor700-CD14, APC-Cy7-CD19 (BD Biosciences); Pacific-Blue-CD38 (Sanz Laboratory; Rochester, New York); APC-CD27 (BioLegend); and PE-Cy5.5-CD3 (Invitrogen). Cells were collected on an LSRII instrument (BD Biosciences) configured to detect 11 fluorochromes. One to 2 million events were collected per sample. Analysis was performed using FlowJo software (Treestar, Inc; version 8.8.6). Total PBMC were gated on lymphocytes and monocytes using forward scatter and sideways scatter. To exclude nonspecific staining of B and T cells, CD14 and CD3 or CD14 and CD19 were used, respectively.

### Statistical Methods {#cesec120}

Differences in categorical and continuous distributions were evaluated by Fisher exact and Student *t* tests, respectively. Two-tailed Mann-Whitney (nonparametric) was used to compare the nonsteroid- and steroid-treated flow data.

Results {#cesec130}
-------

Overall, 111 subjects were identified as RSV-infected by RT-PCR and agreed to participate in the study. Of these, 50 were hospitalized and 61 were treated as outpatients. Thirty-three of 50 inpatients (66%) received at least 1 day of systemic corticosteroids compared with three of 61 (5%) outpatients. The analysis of immunologic and virologic changes associated with systemic corticosteroid use was restricted to the hospitalized cohort to provide more balanced illness severity in the comparison groups. Although a variety of steroid regimens were prescribed, most patients received 4 to 10 mg of dexamethasone or 40 to 60 mg of methylprednisolone every 6 h for 1 to 2 days followed by an oral prednisone taper. The mean duration of steroid therapy was 11.3 ± 7.3 days with a range from 1 to 27 days. Five subjects received 2 or fewer days of corticosteroid treatment. Seven subjects were taking oral corticosteroids prior to admission, and all were given IV corticosteroids or higher doses of oral prednisone treatment while hospitalized.

Predictably, the clinical features of the subjects who received corticosteroids were different from those who were not treated ([Table 1](#tbl1){ref-type="table"} ). Although most differences did not achieve statistical significance, those given steroids in the hospital were more often men with a history of COPD and were receiving oral steroids and supplemental oxygen prior to admission. The presence of diabetes mellitus and coronary artery disease was slightly more common among those not treated with corticosteroids. Admitting diagnoses were similar between the two groups, although COPD exacerbation was most common among those treated with steroids, and a diagnosis of pneumonia was the leading diagnosis for those not treated. Wheezing at the time of admission was more common in the steroid group, whereas the patients not treated with steroids patients were more often febrile. Although not significantly different, there was a trend toward higher rates of infiltrates on chest radiographs and mean peripheral WBC counts in those not treated with steroids.Table 1Clinical Characteristics of Subjects With RSV InfectionCharacteristicSteroid Treatment (n = 33)No Steroid Treatment (n = 17)*P* ValueAge, y69.8 ± 14.972.0 ± 14.8.62Male sex,23 (70)8 (47).13Medical conditions. COPD19 (58)5 (29).08 Asthma9 (27)4 (24)1.0 Coronary artery disease8 (24)8 (47).12 Congestive heart failure9 (27)4 (24)1.0 Diabetes7 (21)8 (47).10Smokers[a](#tbl1fn1){ref-type="table-fn"}23 (67)12 (71)1.0Oral steroids7 (21)0.08Inhaled steroids14 (42)4 (24).23Home oxygen8 (24)2 (12).46Admitting diagnosis COPD10 (30)1 (6).07 Asthma3 (9)3 (18).40 Pneumonia8 (24)7 (41).33 CHF1 (3)2 (12).26 Other11 (33)4 (24).53Symptoms Cough31 (94)17 (100).54 Sputum27 (82)16 (94).40 Dyspnea32 (97)15 (88).26Physical findings Temperature36.9 ± 0.937.7 ± 1.0.006 Respiratory rate22.8 ± 6.625.7 ± 7.5.17 Oxygen saturation91.1 ± 8.193.9 ± 5.1.20 Wheezing31 (94)9 (53).001LaboratoryChest radiograph infiltrate,5 (15)4 (24).47WBC9.4 ± 5.411.9 ± 6.9.17[^1][^2]

Overall, the hospital course for patients who received corticosteroids was similar to those who were not treated ([Table 2](#tbl2){ref-type="table"} ). Rates of respiratory failure, intensive care admission, and in-hospital mortality were not significantly different. Two patients in the steroid-treated group died, and in both cases patients were placed on hospice care because of longstanding severe COPD. No patients developed nosocomial bacterial infections, and there were no overt complications related to steroid treatment, such as psychosis or severe glucose dysregulation. Although the mean last days of reported wheezing or dyspnea were significantly longer in the steroid-treated group compared with those not treated, the length of hospital stay and illness duration were not significantly different.Table 2Hospital Course of Steroid-Treated and Untreated Subjects With RSV InfectionHospital CourseSteroid Treatment N = 33No Steroid Treatment N = 17*P* ValueIntensive care6 (18)5 (29).48Respiratory failure5 (15)2 (12)1.0Mean high serum glucose218 ± 113202 ± 126.65Last day of wheezing12.2 ± 6.18.2 ± 4.8.02Last day of dyspnea15.6 ± 10.09.4 ± 5.3.02Oxygenation \< 95% on room air at day 2813 (39)3 (18).20Length of hospitalization6.2 ± 5.65.9 ± 3.2.84Length of illness26.0 ± 10.122.7 ± 8.6.26Death2 (6)0.54[^3]

Group A and B viruses were evenly distributed in those treated with steroids vs those who were not treated. Viral shedding was not prolonged, nor was the mean viral load higher in the steroid-treated group ([Figs 1A, 1B](#fig1){ref-type="fig"} ). Inflammatory mediators were measured in nasal samples at enrollment, day 12, and day 28 and were not consistently different in either group ([Table 3](#tbl3){ref-type="table"} ). There was a trend toward lower acute serum IL-6 levels in patients treated with steroids compared with those not treated (5.4 ± 8.5 vs 17.2 ± 34.4, *P* = .08). Of note, blood samples were collected on average 2 days after steroids were begun. By day 28, serum IL-6 levels were similar in both groups.Figure 1A, Comparison of mean peak nasal viral load of patients who received steroids (cross-hatched bar) to patients who were not treated with steroids (solid bar). SE bars are shown and viral load is expressed as a log~10~ value + 1. B, Comparison of mean duration of shedding of respiratory syncytial virus (RSV) among patients who received steroids (cross-hatched bar) to patients who were not treated with steroids (solid bar). SE bars are shown and values are expressed in days.Table 3Nasal and Serum CytokinesTime of MeasureNo.Steroid TreatmentNo.No Steroid Treatment*P* ValueNasal IL-6  Acute337.4 ± 8.3178.0 ± 6.8.80  Day 12335.9 ± 5.9163.6 ± 3.4.15  Day 28306.11 ± 4.6164.9 ± 4.3.37 IL-8  Acute33288.7 ± 242.417413.4 ± 264.5.10  Day 1233368.6 ± 392.016324.3 ± 250.1.68  Day 2830265.0 ± 240.016334.1 ± 315.9.41 MIP-1α  Acute3331.4 ± 45.21734.0 ± 31.1.83  Day 123318.6 ± 27.01513.2 ± 13.0.45  Day 28305.3 ± 6.8157.2 ± 9.8.46Serum Acute IL-6315.4 ± 8.51517.16 ± 34.4.08 28 d IL-6297.0 ± 12.3158.0 ± 20.7.84[^4]

RSV-specific serum and nasal antibody titers measured at the time of enrollment were not significantly different between groups. Serum and nasal antibody responses to RSV infection were slightly blunted in the steroid-treated group ([Figs 2A, 2B](#fig2){ref-type="fig"} ) with convalescent titers approximately twofold lower compared with the untreated group. However, only serum-neutralizing antibody responses to group A virus (*P* = .05) and nasal IgA to the fusion protein (*P* = .01) were significantly lower.Figure 2A, Mean increase in serum antibody titers from acute to day 28 samples from patients who received steroids (cross-hatched bar) and patients who were not treated with steroids (solid bar) are shown. Change in antibody titers are expressed in log~2~ titers with SE bars shown. Serum IgG to RSV fusion (F) and attachment proteins for A strain (Ga) and B strain (Gb) and microneutralization titers to A strain (Neut A) and B strain (Neut B) are shown. \*Indicates significant difference between steroid and nonsteroid group. B, Mean increase in nasal antibody titers from acute to day 28 samples from patients who received steroids (cross-hatched bar) and patients who were not treated with steroids (solid bar) are shown. Change in antibody titers are expressed in log~2~ titers with SE bars shown. Nasal IgA to RSV fusion (F) and attachment proteins for A strain (Ga) are shown. \*Indicates significant difference between steroid and nonsteroid group. See [Figure 1](#fig1){ref-type="fig"} for expansion of abbreviation.

Twenty-nine randomly selected subjects (16 steroid treated and 13 untreated) had T and B lymphocyte subpopulations analyzed at three time points: acute (∼ 36-48 h after initiating steroids), day 12 to 14, and day 28 post illness. Admission absolute lymphocyte counts (ALCs) prior to steroid administration were similar (1.1 ± 0.5 × 10^3^/μL vs 1.2 ± 0.7 × 10^3^/μL) in the steroid-treated and -untreated groups, respectively. Notably, 31% of the steroid-treated group (of whom two were receiving steroids prior to admission) and 46% of the untreated group had an ALC of \< 1.0 × 10^3^/μL at presentation to the hospital. For those receiving steroids who had repeat measurements, the mean ALC was 0.8 ± 0.5 × 10^3^/μL at 24 h, 1.2 ± 0.7 × 10^3^/μL between days 2 and 6, and 1.2 ± 0.4 × 10^3^/μL after day 9.

Representative flow cytometry results are shown in [Figure 3](#fig3){ref-type="fig"}, [Figure 4](#fig4){ref-type="fig"} for a random subset of 35 and 23 patients for T- and B-cell panels, respectively, at the mid time point (day 8-14). Analysis of early and late testing demonstrated similar findings in B- and T-cell subsets (data not shown). A representative sample of B- and T-cell subsets is shown in e-Figure 1A and 1B. No significant differences between steroid-treated and steroid-untreated subjects at any of the time points were noted regarding the total percentage of B cells (% CD19+), CD27+ memory B cells, antibody secreting cells (ASC), or plasmablasts ([Fig 3](#fig3){ref-type="fig"}). Additionally, there were no significant differences in the fraction of CD3+ T cells, monocytes, CD4 and CD8 T cells (naive and memory), and natural killer cells (subsets of CD56+CD16hi and CD56hi) ([Fig 4](#fig4){ref-type="fig"}).Figure 3Flow cytometry for B-cell subpopulations for 23 subjects. Patients not treated with steroids are referred to as negative, and patients treated with steroids as positive. Flow cytometry data at the midpoint (days 8-14) are shown in the graph. The median value of the group is indicated by the bar. ASC = antibody-secreting cell.Figure 4Flow cytometry data gated for monocytes, NK cells, and T-cell subsets for 35 subjects. Patients not treated with steroids are referred to as negative, and patients treated with steroids as positive. Flow cytometry data at the midpoint (days 8-14) are shown in the graph. The median value of the group is indicated by the bar. NK = natural killer.

Discussion {#cesec140}
----------

In our study of patients hospitalized with RSV-related respiratory illness, short-term systemic corticosteroids were not associated with significant adverse clinical or virologic outcomes. No episodes of severe hyperglycemia, avascular bone necrosis, or steroid-induced psychosis were observed during the hospitalization or 1-month follow-up period. However, it is important to note that our study was not powered to detect important clinical steroid-related adverse events. Given the importance of cellular immunity for viral clearance and the recognized effects of long-term steroid use, we were surprised that peak RSV viral loads and duration of viral shedding were not increased in the steroid-treated group.[@bib20] This finding may reflect the relatively brief course of systemic steroids received by study participants. Although steroids exert an antiinflammatory effect, no uniform trend was detected in serum or nasal cytokine levels in patients receiving steroids.

The complex quantitative and qualitative effects of systemic glucocorticosteroids on the host immune response are well described.[@bib21] Nearly every type of immune cell, including B and T lymphocytes, neutrophils, and monocytes, are affected. A substantial reduction in circulating lymphocytes can be demonstrated almost immediately upon injection of hydrocortisone in animal studies, with no further effect of increased dose or duration.[@bib22] Lymphopenia is reversible but lasts throughout the period of exposure. Steroids also inhibit T-cell activation, lymphocyte proliferation, and T helper 1/T helper 2 regulation.[@bib21] Given the known effects of steroids on the immune system, the lack of significant differences in lymphocyte numbers and subsets in our steroid-treated subjects is puzzling. However, very few data are available on the immune affects of steroids in acutely ill patients, particularly those with viral infections. Lymphopenia is associated with a number of acute viral infections, such as influenza and severe acute respiratory syndrome coronavirus.[@bib23], [@bib24] It is noteworthy that many of the patients in this study were lymphopenic at the time of presentation, and thus it is possible that RSV infection induces significant immunologic perturbations that may complicate interpretation of a steroid effect.

The primary adverse effect of steroid use appeared to be a modestly diminished serum and secretory antibody response. Although differences were only statistically significant in serum-neutralizing titers against group A virus and nasal antibody to the F protein, it is likely that a larger sample size would have yielded significant differences in other parameters as well. High levels of serum and nasal RSV antibody have been shown to be protective from infection and severe disease in adults, although a specific protective antibody titer is not known.[@bib19], [@bib25] Therefore, lower postinfection titers may leave steroid-treated patients more susceptible to future RSV exposures. However, the absolute differences in postinfection antibody titers we observed were relatively small, making the clinical implications of these findings uncertain. The diminished antibody response in the steroid group was not explained by a significant reduction in the number of B lymphocytes, ASCs, or CD4+ T-cell lymphocytes. However, it is possible that function or activation was impaired despite no discernible difference in cell numbers or subsets. In addition, we did not measure RSV-specific T-cell responses or ASC, which may have been preferentially affected by steroid administration.

Our study is limited by the small sample size, the lack of randomization, and the restriction to one type of viral infection. Because steroids were more commonly used in patients with COPD, which is an inflammatory condition, the effects of steroids on inflammatory markers and immune function may have been difficult to discern given the unequal distribution of patients with COPD in the analysis groups. Although it is reasonable to presume steroid effects would be similar for other respiratory viruses, RSV has unique immunomodulatory effects, and, therefore, our findings may not be broadly applicable.[@bib26], [@bib27], [@bib28]

In conclusion, a short course of systemic corticosteroids in patients hospitalized with acute RSV infection was not associated with major deleterious side effects. Since specific respiratory viral infections, with the exception of influenza, are rarely diagnosed in adults, and steroids are commonly prescribed for acute exacerbations of COPD, these data are reassuring. A modestly diminished humoral response may predispose patients to future RSV infections, but this risk must be balanced with the immediate antiinflammatory effects and potential clinical benefits.
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[^1]: Data are shown as No. (%) or mean ± SD. RSV = respiratory syncytial virus.

[^2]: Past or active smokers.

[^3]: Data are presented as No. (%) or mean ± SD. See [Table 1](#tbl1){ref-type="table"} for expansion of abbreviation.

[^4]: MIP = macrophage inflammatory protein.
